As you will see, the original manuscript (TPC2016-00830-LSB) has now been substantially revised to be clearer, more concise and informative. All the figures have been remade and reordered, and the main text has been extensively re-written. New paragraphs have been added to the Introduction for a better understanding of synteny network basics; the Results and Discussion have been restructured (including new sections elaborating on the lineage-specific synteny clusters of FLC-like genes by Brassicales species and AGL17 (ANR1)-like genes by monocot species. A GitHub pipeline supplement has been added for a step-by-step plant phylogenomic synteny network construction (https://github.com/zhaotao1987/SynNet-Pipeline). Thus, readers can repeat our work or undertake similar analyses.
Because the article is largely rewritten, we have not marked the changes. With this latest version of our manuscript, we hope all the reviewers' comments and suggestions have been fully addressed.
Reviewer #1:
The Schranz lab (Zhao et al.) has put together an MC-Scan (Tang)-based workflow called "Phylogenomic Synteny Network Analysis", a method to reduce all homologous genes represented in many sequenced genomes into a comprehensible "tree" based on the assumption that syntenic genes can be treated as a "network" from methodological perspective. They present this workflow as a tool generally applicable to any gene family. 1) As an example of this workflow, they chose the MADS-box genes in plants, a unique family with a particularly high birth/death, transposable clade called Type I. If one is willing to read 5 or 6 papers/reviews, there is probably nothing new about MADS-box genes found by the Phylogenomic Synteny Network Analysis that was not already published, but these data do provide a concise family description using a single workflow. We disagree that we have not found anything new about MADS-box genes. In fact, many of our results are novel. For example, the deep location of the tandem duplication AGL6-TM3 has not been described previously. Also, we greatly expand the understanding of the widespread AGL2-SFT ancient tandems. Additionally, we are the first to report on lineage-specific transpositions for the AGL17 in grasses and FLC in crucifers. Finally, the deep conserved synteny of some Type II (such as SVP), Type I (related to pollen and egg development) and MIKC* types are all new results.
The layout of the figures, results and discussion now put more much emphasis on the novelty of the findings.
2) This paper is a Methods paper, and should be published as such.
Yes, we agree. This study meets the requirements of the article category "Large-Scale Biology Articles" as described by TPC: "Large-Scale Biology studies must provide significant insight into plant biology and/or present significant new methodology or computational, analytical, etc. tools for the creation or analysis of large-scale data sets, or introduce a new resource of significant value to the broader plant science community." Also, note that we recently published a short review in Current Opinion in Plant Biology that focuses more on the methodology. Thus, we now put more emphasis in this revised manuscript on the insights into MADS-box evolution.
3) Perhaps there is a hidden assumption underlying the entire layout of this work: that a gene duplicated by whole genome duplication is a gene duplicated by tandem is a gene duplicated by transposition (not counting retroposition). In fact, there is every reason to believe that only whole genome duplications actually duplicate the entire gene, the entire cis-acting unit of function. The other methods duplicate the coding sequence and perhaps the entire transcriptional unit, but not the entire gene. For that reason, subfunctionalization-for example of the same gene duplicated by WGD versus tandem-could be entirely different. Similarly, the regulatory context of tandem and especially transposable gene duplicates changes, and thee genes are now available t come under the control of cis elements that just happened to be at the site of insertion. This opportunity for "neofunctionalization" does not exist for gene duplicated by WGD. In general, the definition of "the gene" needs to be made clear early in the Introduction.
We have tried to be more precise in our wording. However, the assumption of the reviewer may not be correct. Our analysis of Type II MADS-box transpositions shows that the entire gene (including at least some core-promoter elements and introns) seem in fact to have been transposed along with the coding regions (for example, AP3 and PI in crucifers). We do not discuss mechanisms of transposition in this work, as we have not (yet) analyzed all flanking regions in detail. Indeed though, follow-up work should absolutely address if the mechanism of duplication has influenced the "specialization" or functionalization of particular genes.
Minor.
4) The Abstract, line 12, discusses expansion of a gene family by subfunctionalization (leading to retention because the duplicates are permanetized). This retention could also have been accomplished by selection to avoid networked gene imbalances. There's no need to take sides here.
We have revised this in the Abstract.
5) P10, P2, line 2-3. Why would transposon content reduce synteny? Is this all about detection?
Indeed, it is about detection and how synteny is defined. It is basically a statistical test that is either satisfied or not. We adhere to the most common definition (and default settings) for synteny detection, namely 5 collinear genes within a window size of 50 genes. Thus, when some genomes go through massive transposon expansions the chance to meet the synteny criteria will go down (more genes in-between collinear pairs). Also, transposons often lead to real structural rearrangements in genomes and to poorly assembled genomes, both of which make detection more difficult. If settings were changed, then indeed, possible connections might be detected, however, so would the false-detection rate. We have thus tried to be more precise about how transposons in species like wheat and gymnosperms have led to less detectable synteny. 6) P14, first full P, line 6-7. "probably due to a higher frequency of gene duplication and transposition... " This reviewer is confident that no one really knows anything about frequencies of insertion events versus frequencies of purification after insertions have happened.
We have deleted this speculative argument in the revised Results section.
7) This manuscript is clearly written. The Figures are all compressed into microscopic panels as if TPC were Science. This reviewer does not think that TPC is-or should be--that concerned with every byte of text.
We completely remade the figures, for example, reducing and refining the information from previous Figures 2 & 3.
Reviewer #2:
The authors leverage work in network analysis and visualization tools to develop a novel approach for understanding the genomic evolutionary origins of gene families, accounting for syntenic conservation, tandem gene dynamics, and transposition duplication. The proposed method appears to have the opportunity to greatly increase the ability to understand the complex relationships among genes in gene families by leveraging network-based visualization. 1) However, the paper does not do an adequate job of describing the results and, especially, the figures (which are the main output of the proposed method). I feel that the paper should be rewritten and, if possible, read by a few people who are not familiar with interpreting the figures to get feedback. It appears as through the authors have become experts at understanding the graphical results of the software, and are skipping some necessary description that is essential for naïve scientists to make sense of the results. Overall, given what I can follow of the authors' interpretation of the results to understand the evolution of MADS-Box TFs, they appear to have well supported conclusions. Unfortunately, given similar results for another gene family, I would have great difficulty inferring its evolutionary history. Also, given the emphasis on the approach (Line 26-28: "Here we present an approach to organize plant kingdom-wide gene synteny networks using k-clique percolation."), I was disappointed to find no links to source code, pipelines, or datasets so that others could easily reanalyze the described data, regenerate the output, or reuse the work for a new gene family.
Overall, I feel that the work presented has the potential for high impact in the field of plant comparative genomics and gene family evolution, and look forward to seeing a future version (and pipelines/software that I can use).
We have completely remade the figures and provided more background information. For example, four clusters were added to Figure 1d and a through description was added to the Introduction to explain synteny network representation and interpretation. Source code, pipeline, and datasets are provided on GitHub (https://github.com/zhaotao1987/SynNet-Pipeline).
Major edits:
2) Things get very confusing describing the results in Figure 3 . For example, lines 167-168 refer to two parts of the cluster, with SQUA on both halves. In Fig 3a, SQUA is only labeled on the left, with a lot of scrutinizing the image to realize that there is small cluster of unlabeled triangles on the right.
3) Its legend: "Synteny network of AGL2 (i.e. SEP1, SEP3)-, SQUA-, TM8-, and FLC-like gene clusters. Tandem gene arrangements of SEP1-SQUA, and SEP3-SFT are highlighted; SFT= SQUA/FLC/TM8", doesn't help clarify understanding the image, with cluster types and colors of nodes being difficult to understand, e.g., why are some nodes pink vs. white or blue, and why does the small legend on the lower left of the figure relating node shapes to gene types have colored nodes and how does that relate the tandem duplication legend in the upper right corner? 4) For the legend of Fig 3c, node colors change to mean something else and refer to Fig. 2d (which is fine), but then in Fig. 3d , the legend states "Nodes/genes from different clades are indicated by node shapes", but the mini legend on the figure shows that node shapes are to represent AGL6 vs TM3. As the authors know, "clade" usually refers to a monophyletic group of organisms and not gene families. In terms of understanding tandem types, perhaps that is where the pink/blue colors come to play with the white nodes being singletons, but I am not sure and it isn't clear in the either the text or legend. 5) I think the main problem is teaching a naïve person who isn't familiar with these diagrams the patterns to understand the information they represent. Since, according to the abstract, the main thrust of the paper is the method and not necessarily the use-case of understanding MADS-Box family evolution (which is very interesting), the authors may want to consider having a more broken down, step-by-step tutorial in the supp. info. on how to interpret the network figures.
Please refer to the response to Question 1. 6) Similar confusion arises on lines 175-176: "For example, there is one SEP1-SQUA tandem gene arrangement in A. trichopoda and three such tandem gene arrangements are identified in grapevine following the gamma triplication in eudicots (Figures 3a and 3e , Supplemental Table 4 )." Figure 3a does not have species labeled, and figure 3e, which shows a phylogeny with major plant groups labeled, also does not have species labeled. One can assume that the vertical lines in red point to grapevine and Amborella, but again, that requires a lot of work on behalf of the reader to both notice and figure it out (not to mention there are four vertical red lines) and the figure legend states: "(f) Mapping tandem arrangements inferred from the summary of synteny networks in (e) to the consensus phylogeny." Of course, with sufficient digging, a reader may open sup table one, which contains an embedded figure that matches Fig 3e with species labels, but this will probably not happen frequently. However, since it is labeled as a supplemental table, and not a supplemental figure, knowing to look there for a figure is confusing. We have provided the network file in Cytoscape for download from GitHub, so that users can visualize and zoom in any particular regions of the network. 8) Methods: While the methods are succinct in terms of the software used to generate the results of this paper, they are not necessarily sufficient for someone else to reproduce the work. Ideally, custom code should be posted to a public repository, data sets either hosted where they can be accessed or links provided to specific data used (e.g., genomes and version are provided in Sup. Table 1 , but not links to the actual data used), versions of software used, and command lines used to run software. Also, the authors could provide additional information about the environment used to run the software, and even better, virtual machine images that contain all the software (and dependencies) as used for this work (or similar). Given the advances in creating reusable software (e.g., virtualization, systems to run workflows for bioinformatics), the presented method would have much more impact if it were able to be immediately used by someone else.
Please refer to the response to Question 1.
Minor edits:
9) Please avoid red-green color pairs as you are making life difficult for red-green color blindness (e.g., fig 1c) .
We made changes to the referred figures.
Paper could benefit from a couple more rounds of editing. Some errors are noted below: Reviewer #3:
Zhao and colleagues provide a novel approach to understanding the evolution of plant genes and genomes. I enjoyed the integration of genomic and phylogenetic data using well-established network approaches. The rich suite of network tools used in other sciences is seriously underutilized. Zhao et al. put them to good work here with a model analysis of the evolution of MADS-Box diversity across multiple plant genomes. Too many genomic analyses today use a "plug and chug" type of approach where pairwise synteny is compared with a dot plot and then some narrative is eyeballed from the dot plot without any objective statistical or other empirical methods. The example use of network analyses presented by Zhao et al. provides a rich set of tools for simultaneously studying synteny across multiple species and integration with phylogeny. The potential to resolve clusters of genes across the highly duplicated and fractionated genomes of plants is very exciting. This paper has the potential to be a citation classic and will likely invigorate a field that is too often just a forest of pairwise syntenic dot plots. The manuscript is reasonably well written, but my first reading of the manuscript required a fair bit of work. Below are some questions that persist after a couple of readings and frequent use of the "find" option. 1) Perhaps I missed it and my searches were misguided, but nowhere could I find a straightforward definition of the meaning of edge length in the plots. Is it related to physical distance of the genes on the chromosome? The lack of scales in the figures did not help. I don't think a scale for edge length is absolutely needed. However, the absence of a scale does make the plots seem less empirical and more like cartoons, as well as difficult to compare across plots. Assuming that edge length is associated with physical distance of paralogs, then differences in gene sizes and genome structures may complicate comparisons.
We mentioned "unweighted" in the previous version, we have made changes to make it clearer.
2) I could not identify the supplemental table with the list of species analyzed among all of the supplemental material. There were not clear table numbers associated with the files. 4) I would appreciate great discussion on the impact of genome annotation and assembly quality on the method. What is the lowest quality of genome assembly that may be used with this method? Did variation in genome assembly and/or annotation quality create any artifacts in the present analysis? The Hordeum and Triticum examples are mentioned in the results, but it would be great to have some discussion on this issue. Given this is a new methodological approach for plant genomics, some discussion of the potential powers and limitations of the method would be useful to the community.
